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This paper outlines the structure and economic foundation of the World Bank's macroeconomic and fiscal model (MFMod) . MFMod consists of individual country models for 181 countries. The models are used by country economists within the World Bank's Macroeconomics, Trade and Investment Global Practice to (i) generate country forecasts and (ii) simulate various policies. Each model has a similar structure and functional form, with variation reflecting data availability and economic specialization (notably for oil exporters). Although the functional forms are similar, the parameters are country specific and estimated at the country level. Forecasts across countries are live-linked, with the export market growth of each country calculated as a tradeweighted average of imports of each of its trading partners. Remittance inflows and outflows are balanced across countries through a similar mechanism. Other cross-country linkages come through the real effective exchange rate and export and import prices, which are a function of world commodity prices and local cost considerations. This paper is a product of the Macroeconomics, Trade and Investment Global Practice. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://www.worldbank.org/prwp. The authors may be contacted at aburns@worldbank.org.
Introduction
The World Bank's Macroeconomic and Fiscal Model (MFMOD) is a structural econometric model, similar in basic formulation to the classic Klein-or Cowles Commission-type (Fair, 1992) models.
Like Financial Programming (and Computable General Equilibrium) models (cf. Mikkelsen, 1998) , structural models reproduce the flow of funds across the whole economy by mapping out the main identities of the national accounts, balance of payments, labor markets and financial sectors.
In contrast to financial programming models, macrostructural models make a concerted effort to estimate the economic and behavioral determinants of economic variables. In models like MFMOD, these structural relationships are developed to be both consistent with economic theory and the observed dynamics of the economy. While such models fell into disfavor among some academic researchers, they continue to be widely used in ministries of finance (Rudebusch, 2002) and by professional forecasters. Moreover, noted academics (Clements and Hendry, 1999; Blanchard, 2018) argue that macroeconometric models are important tools for forecasting and policy analysis. Indeed, they are the preferred instrument for many tasks due to their ability to incorporate a detailed mix of judgement and the rich set of transmission channels they embody, which allows policy impacts on the broader economy to be followed at a deeper level of disaggregation than in other macroeconomic models (Saxegaard, 2017) . Most recently, macrostructural models have enjoyed something of a resurgence among Central Banks. For example, recent reviews of forecasting and macroeconomic analysis for the Bank of England (Pagan, 2003) and the Reserve Bank of Australia (Pagan and Wilcox, 2016) recommend that these central banks supplement their existing tools with macro-structural models because of their ability to support a hybrid judgment and model-based forecasting process -versus less flexible but theoretically pure model-centric approaches. The European Central Bank has also recently returned to a macrostructural model as its main policy analysis tool (Constancio, 2017) .
MFMOD is similar in structure and design to global models such as OECD's Interlink model (Richardson, 1998; Daalsgard, André, Richardson, 2001) , the UN's Project Link model, the Federal Reserve's FRB/US model (Brayton, Laubach and Reifschnedier, 2014) , and the ECB's multi-country model ECB-MC, as well as those used by the Congressional Budget Office in analyzing policy in the United States (CBO, 2013) . A wide range of private-sector forecasters also use similar models (IHS Global Insight, DRI, Oxford Economics and a variety of investment banks).
MFMOD is currently estimated for 181 individual countries (developing and developed). Most parameters in the model are estimated using the error correction approach of Wickens and Breusch (1988) . The equations' equilibrium or steady state conditions are derived to be consistent with economic theory. In contrast, short-run dynamics are data-driven, with estimated parameters reflecting the actual behavior of the economy (see accompanying paper on the calibration and estimation of MFMod (Burns et al., 2019) ). As a result, the speed of adjustment of each countryspecific model to its economically-determined long-term equilibrium as well as the steady-state to which each return depend mainly on the actual historical behavior of the economy. In contrast, in DSGE models, this steady-state is typically derived using micro-founded parameters which are often calibrated, notably when data are limited as in developing economies. In both DSGE and macro-structural models the overall time-variant equilibrium growth path of the economy is determined by potential output, which is calculated using the production-function methodology as a function of total factor productivity, the level of capital and labor. 
Supply Side Equilibrium
The core of each country model is a notion of potential output ( � ):
where ̃ is trend total factor productivity (TFP); * is structural employment; * is the natural rate of unemployment; * is the equilibrium labor force participation rate; 1564 is the working age population; and −1 is the capital stock installed at the end of period and where which represents time on an annual basis. 2 Trend TFP (see Box 1 for details on the calculation of trend TFP and the capital stock), the structural unemployment rate and structural labor force participation rate are all computed using an HP filter. To deal with the end-point problem, the historical time series are extended 15 years in the future using the average growth rate or level as appropriate, prior to running the filter, over the recent period.
In a subset of countries where employment and labor force participation data are unavailable the working-age population (15-64) is used as a proxy for trend employment. In these countries, because the labor input is larger, the level of the TFP measure will be smaller than it would have been if (unobserved) employment was used as the labor input. The growth rate of trend TFP will not be affected unless the unobserved trend employment to participation rate changes or the unobserved natural unemployment rate is changed.
2 Unless otherwise noted, all variables are expressed in constant price terms. Levels of the variables are denoted by upper case letters while lower-case letters denote the log of levels (i.e. = log ( ) ). The first difference operator is ∆.
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Over the forecast horizon, the growth rate of trend TFP, the natural rate of unemployment and the natural participation rate are assumed to be exogenous and are held constant at their latest estimated structural rates.
From the above equations, it follows that the only factors that will lead to changes in potential output are those that directly impact the capital stock, equilibrium employment or total factor productivity. Shocks to demand that do not affect these three factors do not affect potential output. Instead they will change the output gap (the difference between actual and potential GDP expressed as a percent of potential GDP) (see equation 2). The output gap measures the extent to which resources within the economy are under-or over-employed. Higher (lower) levels of demand will increase (lower) the output gap. A positive or negative output gap is the principle equilibrating force in the model. The output gap feeds back into the model via the Phillips curve through inflation. A positive (negative) output gap raises (reduces) inflationary pressures, which in turn reduce (increase) real incomes and decrease (raise) profits. The first effect serves to reduce aggregate demand, while the second induces additional investment and supply. Combined, these effects serve to progressively return the economy toward equilibrium, the level of potential output.
For oil-producing countries the production function is modeled using non-oil GDP rather than total GDP. In general, the non-oil GDP output gap is found to provide a better reflection of demand-sensitive inflationary pressures in oil-producing economies.
Box 1: Construction of the Supply Side in the Macro-Fiscal Model
In the absence of reliable data on the capital stock, the capital stock is estimated through a highly simplified implementation of the perpetual inventory method following Burns et al. (2014) . The capital stock (K) at any given period is estimated by adding the fixed capital formation (I) (while also allowing for depreciation and scrapping of capital at a given rate (δ) over the previous period).
A problem with this formulation is that in the absence of an initial estimate of the capital stock this method will underestimate the capital stock in early periods, because implicitly at the beginning of the data period the capital stock is zero, whereas it is almost certainly much higher.
To overcome this problem, later-period estimates of the capital stock (at which point the influence of the missing initial capital stock should be smallest) are used, in combination with 6 GDP data, to estimate an equilibrium capital-output ratio. This ratio is then used to estimate the capital stock at a given start-point using output data at t=0, allowing more accurate estimation of the capital stock during earlier periods.
For most countries structural employment is derived as the product of the working-age population (15+), the equilibrium labor-force participation rate and (1-the natural rate of unemployment).
Once the capital stock and the labor force have been estimated, instantaneous total factor productivity ( ) is calculated by inverting the production function using output data. Income shares (α) are taken from the estimates reported in the Penn World Tables.
Trend TFP ( ̃) , and the time-varying natural unemployment rates are estimated using a HodrikPrescot Filter with smoothing parameter λ=100. In each case, the end-point problem is alleviated by extending the historical series to 2100 at the average level or growth rate of the most recent 10 years. Typically, the values of all three variables are set to the most-recent level of the estimated trend series.
GDP Demand Side
GDP by expenditure is the sum of its components:
The model's demand side breaks out private consumption (C), government consumption (G), investment (I), which is the sum of private investment (IP) and government investment (IG), exports (X) of goods and services imports (M) of goods and services, changes in inventories (ΔInv), and a variable for statistical discrepancy (D).
Real Household Consumption
In the model, real private consumption is modeled as an error-correction equation (see Box 2) of real household disposable income and, when data are available, real financial wealth. The real interest rate also enters the consumption function and acts as a constraint on borrowing. If the economy overheats, rising interest rates constrain borrowing, which will reduce household consumption.
where is private consumption; are government transfers and, if relevant, remittances;
WEALTH is financial wealth of domestic agents; P t C : the private consumption deflator, and other sources of household income (government transfers and remittances).
Disposable income is defined as labor income (net of direct taxes) = − Where is the nominal wage bill in the economy (the sum of the government and private wage bills) and are direct taxes. Income from capital is not directly measured but is subsumed in the wealth measure (which proxies for both income from wealth and consumption from changes in wealth). In the model, financial wealth is defined as the sum domestically-owned capital stock (foreign or resident) and domestically-owned bonds (foreign or resident). Yet, in the absence of data on both the location of ownership of assets and the decomposition of financial assets, wealth will be imperfectly proxied in the model as the sum of net foreign assets, the domestic capital stock and domestic government debt.
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In the long-run the coefficients on income and wealth are constrained to sum to unity. This constraint determines the long-run saving rate as a function of the ratio of wealth to income. In the short-run, the coefficients on labor income and wealth are unconstrained.
The consumption function illustrates the importance of prices in restoring equilibrium in the model. First, when consumer prices rise in the model, as in the case when the economy overheats (through a Phillips-curve mechanism described below), the real labor income and the real return on financial wealth are reduced. As such, consumption also decreases.
The real interest rate is derived from the household's first order condition and resembles the Euler equation that dictates intertemporal consumption choices. An increase in interest rates today, as for example through higher lending rates, will reduce consumption today. 3 The idea of Ricardian equivalence, popularized in Barro (1974) , suggests that public debt should not feature as net wealth for households because the gross asset of debt is offset by an equal liability of the future taxes that will have to be paid to service that debt (see Mankiw and Elmendorf (1999) for a theoretical and empirical review of the evidence for Ricardian equivalence). Others argue that in a world with overlapping generations, or myopia, distortionary taxes, or imperfect financial markets, an increase in debt will be perceived as an increase in wealth for some households resulting in increased consumption. The modeling here is agnostic on the debate, allowing for the possibility that Ricardian equivalence does not hold.
Box 2: Error-correction models
Error-corrections models are a standard way of modeling non-stationary but cointegrated variables X and Y (see for instance Wickens and Breusch, 1988) . For instance, the consumption function shows the importance of prices in restoring equilibrium in the model. Consumer prices will rise in the model when the economy overheats (through a Phillips-curve mechanism described below) reducing real labor income and financial wealth and hence consumption. This relationship can be modeled using an error-correcting model (ECM), of which the simplest version is in the following form:
Where lowercase variables are in log-terms. As such, the ECM relates the growth rate of variable A final implication of this particular ECM form is that in the long term, the growth rate of Y will equal the growth rate of X or that the ratio of Y and X converge to a fixed point (for example household consumption will converge to a fixed share of GDP).
Government Consumption and Investment in the National Income Accounts
In the model, nominal government consumption in the national income accounts (NIA) is mapped to nominal public expenditures on wages and goods and services in the government accounts, while nominal investment in the NIA is mapped to nominal capital expenditures in the fiscal accounts.
For many developing countries the government spending aggregates in the national accounts do not equal government spending in the fiscal accounts (due to, for example, differences in accounting methodologies). The model allows for these historical differences to exist but forces the proportional gap between the two measures to be preserved in the forecast period by setting the rate of growth of nominal government spending in the national income accounts equal to the rate of growth of the government spending in the fiscal accounts over the forecast period.
In the model, real government consumption and investment as recorded in the NIA are set equal to the corresponding nominal government expenditures deflated by the corresponding deflator from the NIA.
Private Gross Fixed Investment
The stock of capital in the economy accumulates as follows:
Dividing both sides by −1 gives
And re-arranging
The assumption of a long-run balanced growth path implies that in the long-run the rate of growth of the capital stock will equal the rate of growth of output ( ), or�
Re-writing further gives:
Using our production function, the demand for capital can be derived from the first-order conditions for profit maximization as:
Combining this condition with equation (7), investment in the long-run solves to:
Notice that (1 − ) * = which is the gross operating surplus (our proxy for profits).
Equilibrium investment therefore rises with an increase in equilibrium profits and expected growth ( + ) while falling with a higher cost of capital ( ).
Private investment is modeled with an error-correction form using the equilibrium condition in equation (9). In the short-term, deviations in investment from equilibrium are driven by movements in the real rental-rate of capital and short-run accelerator effects from changes in demand. The equation for private investment can thus be written as:
Where is the user cost of capital and the private investment deflator; is the depreciation rate; and is the growth rate of potential GDP.
The real rental rate evolves according to a user-cost of capital type formulation (see Jorgensen, 1996):
Where the user cost of capital depends on the nominal interest rate ( ), the effective direct income tax rate (̂) and the private investment deflator. The user cost also includes other costs a portmanteau for the equity premium but also other factors that affect the cost of capital, such as banking-sector regulations, banking-sector concentration and the cost of recovering collateral. In history, these costs are calculated as a residual to ensure that the user cost identity in equation (11) holds while in the forecast period the term is exogenous and is typically held constant at its most recent estimated value.
Exports of Goods and Services
Exports of goods and services depend on each country's trading partners' demand for imports and the competitiveness of that country's exports. In the model the growth rate of demand for domestic exports ( where gX is the growth rate of variable X, ωij: i the weight of country j's share imports in the exports of the domestic economy (with the weights calculated using the average rates from COMTRADE data for 2009-11) and Mtj KD : is the volume of country j's total imports in constant price dollars at time t. We assume that small open economies are price takers. This implies that the price of domestic exports ( ) corresponds to the world price ( ) of the export basket. In this context, the decision to export or to sell domestically from the point of view of a local producer will depend on the relative price of the world price ( ) and the domestic sale price (an increase in constitutes are reduction in the relative price of export goods and a movement downwards along the export supply curve). The price-maker variant of equation (13) expresses the price of exports relative to the world price (in this case proxied by the US price in local currency). For price-makers, an increase in the export price relative to the world price reduces export volumes.
The demand for exports is therefore modeled as:
Where the term in square brackets is the error correction term, which serves to move exports back towards steady-state levels over time. A homogeneity restriction on the export market variable is imposed to ensure that in the long-run and in the short-run, if relative prices are constant, that domestic exports grow in line with world demand. The homogeneity restriction is a strong assumption that has been violated for long periods of time in many countries, notably during the 1990s when structural changes in global trade patterns saw the export market shares of developing countries rise substantially.
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To account for this a linear time-trend is included in the historical period, allowing for a variation in the long-term export share. Over the forecast period, the increment in the value of the timetrend is gradually lowered towards zero so that in the very long run equilibrium growth moves in line with global demand. For oil-exporting countries, exports are disaggregated into oil and nonoil exports. Non-oil exports are modeled in an identical way to total goods and services in equation (13). For oil exports, it is assumed that countries are price takers on global markets and that they will export all production that is not consumed domestically. Therefore, real oil exports are determined by an identity as the difference between production ( ) and apparent domestic consumption of oil ( ) (consumption of oil and changes in stocks). If the domestic country produces 10 bn barrels in a given year and stores or directly consumes 2 bn then 8 bn will be exported. Oil production is modeled as an exogenous variable, dictated by political and engineering factors.
Imports
Imports reflect both final and intermediate demand for goods and services (both consumption and capital goods) as well as the relative price of domestic goods compared to imported goods.
The term in square brackets represents the error correction term. A homogeneity restriction is imposed on domestic demand to ensure that in the long-run imports remain as a steady share of GDP (constant import-penetration ratio). The second term � −1 −1 � accounts for changes in the relative price of imported to domestically produced goods. If domestic prices fall relative to import prices, then the import share will decline. As in the export equation, a linear time-trend is included in the long-run to account for historical changes in the share of imports in GDP that would violate the homogeneity restriction. In the short-run the coefficient on domestic demand (and similarly on the short-run relative price of imports to domestic goods) is freely estimated.
Inventories and the Statistical Discrepancy
While inventories do change in the historical period, forecasting changes in stock building is notoriously difficult. As a result, this variable is left exogenous with the advice that unless analysts have strong reasons to change it in the short-run they should hold both its nominal and real values as a constant share of GDP during the forecast period. Similarly, both the nominal and real statistical discrepancies are exogenous variables in the model and in the forecast period analysts are suggested to hold them constant as a share of GDP at the level of the most recent observation.
Price Determination
Inflation is modeled using a modified Phillips curve specification, incorporating both demand-pull (summarized by the output gap) and cost-push (derived from marginal costs) pressures. The key price in the model is the implicit deflator for gross domestic product at factor cost ( ), which serves as a proxy for producer prices.
Where are inflation expectations; is the output gap; and is the marginal cost of production. In the model, expectations include both an implicit forward-looking component (which in the model is exogenous and equal to the historical average inflation rate or the central bank target rate) and a backward-looking component that incorporates a degree of stickiness in price changes. The weight of each component in the model is determined by the parameter 1 .
Notice, however, that equation (15) is written in growth terms (no ECM terms) -this due to the existence of a price-wage loop where cointegration exists between wages and prices. In MFMOD, wages are written in ECM form, thus accounting for the common stochastic trend between the two variables.
Nominal marginal costs are determined by firms' cost minimizing behavior (derived from the production function):
Where is the labor share of income; is the nominal wage rate; is the nominal rental rate of capital and is total factor productivity.
The output gap is included in the Phillips curve (equation 15) to account for short-run deviations from equilibrium to respond to demand pull pressures. Thus, any excess demand over supply will generate an increase in prices, which erodes real incomes and increases the cost of capital. Prices will continue to rise until the economy moves back into equilibrium (the output gap closes).
In the long-run, growth in marginal costs (mc) will equalize the growth in prices (see equation 16) as factor costs will also follow price inflation. In addition, the central bank interest rate rule will impose that growth in prices equalizes to expectations in the long-run. All in all, factor costs will therefore also grow along inflation (expectations) in the long-run. The output gap term also serves as a proxy for the time varying markup (see Gali (2005) for an exposition on how the output gap and the gap between the marginal rate of substitution and the marginal rate of capital are related).
5

Relative Price Determination
The different demand side deflators (private and government consumption, and investment) are determined by a mix of the producer price and import prices.
The relative importance of each component in both the short-and long-runs is determined econometrically. In addition, effective indirect taxes (primarily tax on the sales of goods and services ∆ ) are also included. To account for both prices of locally produced and imported goods and services in the consumption basket, in equilibrium the private consumption deflator will grow at a rate equal to the weighted average of the rate growth of producer prices and imported goods plus any change in indirect tax rates (usually zero in equilibrium). The inclusion of the output gap proxies the markup of the retailer. The level of prices is indeterminate.
The investment and government consumption deflators are modeled in an identical fashion (albeit with different estimated coefficients) to the private consumer deflator in equation (17) thereby ensuring consistency across domestic deflators in the economy.
Keyfitz Prices
To determine export and import deflators, the model uses a weighted average of the global (USD) price ( ) of 32 internationally traded commodities that each country imports and exports. The weights wj X and wj M are given by the share of each commodity in total domestic exports and imports of goods in the base period (the average observed between 2009-2011).
These accounting constructs are called Keyfitz prices in the model. The Keyfitz prices for oil exporters exclude oil prices and oil exports from the Keyfitz price calculation given that the oil export deflator is directly a function of international oil prices.
5 One may compute the markup ( ) following Roeger (1995) by equating the primal Solow residual ( ) with its dual ( ):
Changes in these Keyfitz prices reflect the change of import and export prices that would be observed if domestic prices for imported goods were equal to world prices in local currency and if these prices were fully passed through. These indices are used as inputs in the equations for import and export price deflators.
Import Deflator
In the model, the price of imported goods is a function of the world price of goods (proxied by our Keyfitz variable converted to local currency terms). The Keyfitz price does not include services.
In the model, the price of imported services is proxied by domestic consumption price deflator on the assumption that imported services are priced to market. Overall, the import price of goods and services equation is expressed as:
Where is the import Keyfitz price expressed in local currency terms; and is the consumer price. In both the short-and long-runs a restriction is imposed that the weight of the world and local prices sum to one. This means that if all prices rise by 1 percent in the model, the import price will also rise by 1 percent.
Export Deflator
Like the price deflator of imported goods and services, the export deflator of goods and services is a weighted average of world export goods (commodity) prices ( ) and the domestic consumption price which proxies both cost pressures and the pricing of the export of services:
Where is the export Keyfitz price expressed in local currency terms; and is the price of domestic consumption. In both the short-and long-runs a restriction is imposed that the weight of the world and local prices sum to one. This means that if all prices rise by 1 percent in the model, the export price will also rise by 1 percent.
Exchange Rates
In MFMOD different economies follow different exchange rate regimes: pegged (where the value of the currency is set to follow directly the exchange rate of another country); floating (where the exchange rate is determined by market forces); and mixed regimes like managed float regimes;
and crawling peg regimes. In countries where the exchange rate is (at least partially) determined by market forces, the equilibrium exchange rate evolves according to the uncovered interest parity condition. In such a setting, capital will flow in (out) of the country to the extent that there the domestic interest rate exceeds (is less than) the foreign risk-free interest rate (the US rate in our setting). The change in the exchange rate is written as:
In economies with a floating exchange rate, differences between domestic and foreign inflation will transmit to the exchange rate via the monetary policy reaction (either a Taylor rule or a money supply rule, where interest rates become a behavioral equation reflecting the estimated parameters of money demand).
In economies with fixed regimes the exchange rate is linked directly to the appropriate base currency. In this context, the UIP condition will become the monetary policy rule (instead of the Taylor rule described infra) as the central bank is now constrained to adjust its main policy rate according to changes in the world interest rate to ensure that the peg holds (independence of the central bank is foregone).
Depending on the degree of management in a mixed regime's float, the currency may be either exogenous or endogenous following an estimated relationship that approximates the rule in place.
Real and Nominal Effective Exchange Rates
Real and nominal effective exchange rates (REER and NEER) are calculated using the tradeweighted average of each countries' bilateral-exchange rates (deflated by the consumer price deflator in the case of REERs). Trade weights are given by the average of the share of partner countries in the bilateral import and export matrices using weights calculated from COMTRADE data as described above for the export market variable. 
Labor Market Labor Supply
Labor supply is determined by the participation rate ( ), which is assumed to follow a simple autoregressive process, trending toward the structural participation rate discussed earlier in the section on supply-side equilibrium:
Employment
In the short-run the level of employment is determined by short-run changes in demand and supply of labor, where equilibrium labor demand is determined by producer real wages adjusted for productivity growth. The change in the output gap measures the degree to which temporary or short-term workers fill in excess demand by firms to manage production over the economic cycle. Finally, employment growth is corrected for steady-state growth of the labor-force.
Wages
In the model wages adjust to equilibrate supply and demand in the labor market. In the long-run, when the unemployment rate is equal to its structural rate, nominal wages will grow in line with the marginal product of labor.
In the short-run, some persistence is allowed in wage growth (in a similar vein to consumer prices) with the estimated pass-through of consumer prices and productivity gains into nominal wages typically being less than one. This pass-through is determined by the parameter .
In the short-run, when unemployment is higher (lower) than its structural rate, the growth in wages will fall (rise) by the parameter 1 .
Where * = log � * * �.
Fiscal Accounts
The level of disaggregation of the fiscal accounts in the model is based on the availability of data and is generally based on GFS 2014 definitions. Some of the fiscal data are available only for a relatively brief period (2010 to 2017), which makes econometric identification of parameters difficult. In some of these cases, coefficients drawn from the literature or expert judgment were imposed. In countries where the national authorities follow a different accounting scheme and where data are available, they are used.
The theoretical basis for the modeling of government spending is less well established than for firm and household behavior. Fiscal policy theory provides for many kinds of rules to govern an optimal fiscal policy, but seldom are these rules observed in practice. Estimating equations that describe how fiscal spending and revenues react to economic events is particularly difficult as the legislative basis for those reactions is constantly changing. While such "regime changes" if unidentified would bias parameter estimates, in many cases the changes in rules often are induced by changes in economic performance and/or fiscal conditions and may therefore be themselves endogenous.
The equations (reaction functions) estimated in the model and discussed below are not prescriptive, rather they reflect the behavior of government spending on average over the estimation period. As such they must be used with care, especially in cases where important regime change has occurred. Often, when analyzing fiscal policy or alternative rules, the analyst will want to exclude these equations (or re-specify them), for example by exogenizing spending variables when analyzing a spending proposal or altering revenue functions when new tax rates or rules are being contemplated.
Government Expenditure
Total government expenditure is divided between nominal government consumption of goods and non-factor services ( ), government compensation of employees ( ), acquisition of non-financial capital ( ), transfers ( ), other expenditure ( ) and cost of financing ( ).
In the long-run, government expenditures on goods and services (which includes the wage bill) and in capital goods are assumed to grow at the same pace as nominal GDP, while in the shortterm some persistence of expenditure is allowed (controlled by the parameter 3 ). For example, the equation for expenditure on goods and services is:
Government cost of finance is a simple function of the debt level and the effective interest rate paid on the debt. Going further, on a case by case basis, the potential pro-or counter-cyclicity of fiscal policy can be considered by also introducing the output gap into equation 27, although in general this is not done in the standard MFMod model.
For countries that have domestic and foreign debt servicing variables, the cost of financing is then the sum of those variables. The historical cost of finance rate is computed as the effective interest paid on the debt, that is the ratio of current interest payments ( ) to previous period debt ( −1 ), ie. = / −1 * 100. On the forecasting horizon, the cost of financing is expressed as an identity equal to an interest rate differential (spread) ( ) on a base rate. For external debt, we use the United States Treasury Bill rate ( ) for the base rate. For domestic debt, the cost of financing assumes a spread relative to the domestic monetary or lending interest rate.
Government Revenue
Government revenues are divided (depending on data availability) between direct taxes ( ), taxes on goods and services ( ), social insurance contributions ( ), taxes on international trade ( ), grants ( ) and other revenue ( ℎ ).
Direct tax revenues, social security contributions and indirect taxes are mapped to their relevant tax bases. In the case of indirect taxes, the tax base is assumed to be total consumption, for direct revenues (such as personal and corporate income tax) it would be nominal GDP or the wage bill depending on the nature of the tax; for social security contributions the tax base is the wage bill (average wage multiplied by employment); and the base for taxes on international trade is nominal imports. For each tax, an effective rate ( ) of tax is calculated, defined as revenue divided by the assumed base. Thus, for k = Drct, Idrct, Soc, Cust, we can express the evolution of fiscal revenues as:
In the projection period, the effective rate is held constant (approximating a business as usual scenario). As a result, tax revenues simply grow at the rate of the tax base ( ). However, the analyst can change the effective tax rate to simulate the impacts of alternative tax-policy scenarios.
This tax rate can also be endogenized on a case by case basis to consider the potential pro-or counter-cyclicality of fiscal policy. For all other revenues, a simple assumption is made that they grow at the rate of nominal GDP.
In countries where the legal tax rate is known, tax revenues can be decomposed by taking account of the tax base ( ) multiplied by a coverage rate ( ), which summarizes information on rebates, avoidance, evasion and exemptions. The coverage rate will vary with the output gap to capture the role of automatic stabilizers:
We can thus rewrite equation (31) as:
Fiscal Balances and Debt
The fiscal block includes several key fiscal indicators, which are derived from modeled revenue and expenditure variables and simple identities.
The overall government balance ( ) is an identity derived by subtracting total expenditure from total revenues.
= − (32)
The total financing requirement (FRT) is equal to the negative of the overall balance, which may be met through a combination of local and foreign bonds and / or reduction in gross assets.
= − (33)
The government may then decide how much new debt to issue locally ( ) and abroad ( ):
Domestic ( ) and foreign debt ( ) are then equal to the previous stock of debt plus the new financing:
In addition, the stock of debt may change due to debt revaluation and other discrepancies, that arise either because of "below the line expenditures" or liabilities that are realized (such as contingent liabilities). As such, an additional 'revaluation' term is included to account for this.
Historically it is calculated as:
In the forecast period the revaluation term is exogenous.
The primary balance ( ) is an identity derived by subtracting total government expenditure net of interest payments from total revenues.
Balance of Payments
Current Account
The current account of the balance of payments in the model is expressed in US dollar terms (CD).
The current account balance ( ) is the sum of: i) the trade balance ( ); and ii) the balance for factor service incomes and transfers (remittances, government interest payments and all other non-trade flows) ( ).
= + (39)
The USD value of exports and imports of goods and services as recorded in the balance of payments are determined in the model entirely by the value of import and exports (volumes times prices) from the national income accounts expressed in USD (multiplied by the exchange rate), after accounting for historical differences between the NIA and BOP measures of exports and imports. Historically, the same-currency value of exports (and imports) in the national accounts do not exactly equal the value of exports (and imports) in the balance of payments accounts due to differences in accounting methodologies. The model preserves these historical differences and keeps the ratio of BOP and NIA differences in the forecast period constant by forcing the growth rate of the nominal exports and imports of goods and services in the balance of payments to be identical to the exchange rate adjusted growth rate of nominal exports and imports calculated in the national income account block during the forecast and simulation period. 
The balance for factor service incomes and transfers is the sum of remittances, government interest payments on external debt, and other balances.
The remittance balance is the difference between remittance inflows ( ) and outflows
Remittance inflows ( ) are determined by income growth of the remitter. Nominal income growth in each remittance-sending country (j) is weighted by the population of migrants from the modeled economy (country i) living in country j as a share of the total number of emigrants from country i. Higher nominal income growth in countries where emigrants reside therefore leads to higher remittance inflows to the modeled economy, and vice versa. The calculation of the growth of potential remittance inflows is as follows:
where ωij is country j's share in the number of total emigrants from country i and Ytj KD : is the country j's nominal GDP in current dollars in time t and gX denotes the growth rate of variable X.
The rate of growth of actual remittances may differ from the values that derive from the above accounting identity and therefore actual remittances are estimated in a simple equation relating actual remittances to the rate of growth this weighted average of incomes in remitting countries:
Changes in remittance outflow (BMREMT CD ) are treated more simply and assumed to grow in line with nominal GDP (in USD terms) of the home country.
Government interest payments on external debt are determined in the fiscal section of the model (while being converted into USD for the balance of payments).
Finally, the all "other balances" category includes factor services and aid flows and is modeled to grow in line with nominal GDP (in USD terms).
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Overall Balance of Payments and Change in Reserve Assets
The overall balance of payments position is calculated as follows:
where refers to the net errors and omissions of the Balance of Payments.
The external financing of the Balance of Payments position is through change in reserve assets.
For some countries, the external financing of the BOP is further disaggregated into changes in reserve assets and the net use of IMF credits.
Monetary Policy
Monetary policy for economies that follow an inflation targeting regime is expressed via a Taylor rule that relates the central bank policy rate to inflation expectations, deviations from target, and output deviations from potential. This interest rate acts on the government bond interest rate, which consequently affects consumption and investment decisions. Thus, as prices operate above target, the central bank acts to stabilize inflation. Also, when the economy overheats, the central bank moves to cool it down:
Where is the central bank monetary policy rate, is a parameter that governs the persistence of monetary policy decisions, ( + ) is the natural real rate of interest plus the inflation target.
In the model the inflation target and inflation expectations are assumed to be equal.
Other domestic interest rates in the model, such as government interest payments on domestic debt and lending/borrowing rates that form part of the cost of capital calculation, are assumed to move in line with movements in the monetary policy rate. While changes in the two rates are assumed equal in the forecasting period, the levels may remain different due to spreads between the different rates (which are assumed exogenous and typically held constant throughout the forecast period). and a decreasing function of the interest rate:
Real money demand thus varies positively with domestic demand, negatively with current interest
rates. An increase in aggregate demand shifts the money demand curve upwards reflecting higher
borrowing. An increase in contemporaneous interest rates constitutes a market tightening policy and hence a fall in credit extension and a decline in money demand. The velocity of money is an identity and calculated as: = , where in equilibrium money supply equals money demand ( = ). Since money is used as an instrument, the interest rate becomes a reaction function instead, where an implicit interest rate response can be computed. The interest rate moves with the output gap and deviations of inflation growth from target money supply growth:
Where � is the target money supply growth rate and and are the behavioral parameters in equation (50).
Production Accounts Real Sectoral Value-Added
In the absence of data on sectoral factor inputs and costs from which cost minimizing supply decisions could be modeled, forecasts in the production block are driven by the model's demand side (expenditure accounts). In most countries in MFMOD, GDP at factor costs consists of agriculture ( ), industry ( ) and services ( , that might include a statistical discrepancy on the value-added side).
In the model GDP at factor prices ( ) is determined by an identity as GDP at market prices ( ) less indirect taxes and subsidies ( ):
Net indirect taxes and subsidies are exogenous in the model, with the advice to hold them constant as a share of GDP in the forecast period.
For the agricultural and industrial sectors, each sector grows in line with potential GDP in the longrun. In the short-run growth is driven as an empirically estimated function of growth in gross domestic expenditure and exports as follows. For = , :
The service sector is modeled as a balancing identity to ensure that GDP measured at producer prices is equal to GDP at market prices minus net taxes on production.
Sectoral Value-Added Deflators
Price deflators for each production sector are modeled to converge to the overall production deflator. In the short-run, prices are mapped to the overall deflator with some persistence, governed by the parameter 2 .
Concluding Remarks
The MFMod system is a macro-structural model of the global economy comprised of 184 separate country models. In general, the functional forms of individual equations in the model are comprised of two parts, a long-run equilibrium condition consistent with economic theory and a short-run component that is more idiosyncratic and reflective of real-world (as opposed to theoryworld) dynamics. While functional forms are similar across countries, parameters are estimated at the country-level to reflect observed behavior.
The MFMod system is the product of many years of work by a large and ever-changing team of economists at the World Bank. As such, it is very difficult to ascribe intellectual ownership of the model to any one group of individuals. The authors of this paper represent the current generation of model authors, but the model itself reflects the work of many others.
The MFMod model serves not only as the main forecasting tool at the World Bank, but also as the starting point of the many customized models the modeling team builds for both internal and external clients. Not only are these models informed by the thinking and the decisions that went into MFMod, but so too MFMod benefits from the innovations that go into these models.
Like any model, MFMod is a living and changing entity. No model is ever finished. The documentation here describes the version of the model used in the forecasting round ending April 4, 2019. Areas for future work include: a more systematic evaluation of theoretical parameters and the basis for their imposition; improvements in the mechanism by which changes in sectorlevel value added are mapped back to the changes in the demand side; a more comprehensive accounting of income from capital and wealth in consumer demand; introduction of pro-and/or counter-cyclical behavior in government revenue and expenditure equations; and introduction of endogenous mechanisms by which the accumulation of domestic debt and external financing conditions influence domestic conditions, notably interest rates.
This section presents additional equations used in the model for required conversions and balances. The equations presented here are used for presentation and calculation of output variables, using the behavioral and economic forecasting variables discussed above. Throughout, the following superscripts are used to denote currency and volume units.
KD: constant US dollars, using a 2010 base year CD: current US dollars KN: constant local currency unit CN: current local currency unit.
Balance of Payments
Merchandise exports and imports in the balance of payments grow in line with the growth rate of overall goods and services trade allowing for a non-unity elasticity.
△ log ( ) = △ log ( )
Non-factor service exports and imports in the balance of payments are calculated as the residual when merchandise exports and imports are subtracted from total exports and imports.
GDP in dollar term
GDP, expressed in current US dollars, is calculated in terms of current local currency units divided by the US dollar exchange rate.
GDP expressed as constant dollars is calculated from GDP in constant local currency units, using a local currency price deflator (base year 2010) and the US exchange rate in 2010.
= (60)
Per capita GDP in constant dollar or local currency unit terms is calculated simply by dividing output in constant dollar or local currency unit terms by the population. 
